INTRODUCTION {#s1}
============

Low hemoglobin (Hb) levels have been associated with cardiovascular events \[[@GFU272C1]\], mortality \[[@GFU272C2], [@GFU272C3]\], health-related quality of life \[[@GFU272C4], [@GFU272C5]\] or physical activities \[[@GFU272C6], [@GFU272C7]\] in many observational studies on hemodialysis (HD) patients, although randomized controlled trials have indicated that normal Hb values were not necessarily associated with better survival among the HD population \[[@GFU272C8]\] and predialysis patients \[[@GFU272C9]--[@GFU272C11]\]. Therefore, anemia control is one of the most important factors in the management of HD patients.

The Dialysis Outcomes and Practice Patterns Study (DOPPS) is an international observational study \[[@GFU272C12], [@GFU272C13]\]. The cohort has provided a wide range of information concerning clinical outcomes, practice patterns and HD treatment itself \[[@GFU272C14], [@GFU272C15]\]. The DOPPS has included several studies on anemia management \[[@GFU272C16]--[@GFU272C18]\], which have indicated that low Hb levels may be associated with adverse outcomes \[[@GFU272C16], [@GFU272C18]\].

The epidemiology of the HD population has been changing worldwide. The elderly HD population is growing \[[@GFU272C19]\]. Old people experience a high incidence of cardiovascular complications \[[@GFU272C20], [@GFU272C21]\] and reduced level of activity in daily life \[[@GFU272C22]\]. It is known that increased Hb does not necessarily improve prognosis in patients with cardiovascular disease \[[@GFU272C23]\]. Moreover, many elderly patients have low Hb levels \[[@GFU272C24]\] despite the high doses of erythropoiesis-stimulating agent (ESA) received \[[@GFU272C25]\]. Thus, there could be some specific differences in the Hb target for such HD patients.

Therefore, we aimed to elucidate whether the Hb target for optimal anemia control in the elderly population differs from that in the nonelderly HD population.

MATERIALS AND METHODS {#s2}
=====================

Target population {#s2a}
-----------------

The DOPPS phases 3 and 4 cohort was the potential target population for the present investigation. The characteristics of the population and data collection methods were as described previously \[[@GFU272C12], [@GFU272C13]\]. Within the DOPPS cohort, patients who were treated in Japan were considered the target population. The exclusion criteria were as follows: missing critical demographic or laboratory data such as age, vintage of dialysis, sex, primary diagnoses of end-stage renal disease (ESRD) and baseline Hb values. Data were collected at the outset and every 4 months, namely the facility round number (FRN) periods. Written informed consent for inclusion into DOPPS was obtained from all the subjects. The protocol of DOPPS is compliant to the Declaration of Helsinki.

Exposure {#s2b}
--------

Hb values were used as exposure variables: Hb values at the initiation of each phase as well as at each FRN. The Hb values were divided according to increments of 1 g/dL: \<9, ≥9 and \<10, ≥10 and \<11, ≥11 and \<12, and ≥12 g/dL. We made imputations for missing Hb for each FRN value other than the initial values using the last observation carried forward (LOCF) method. This method imputed the missing Hb values from the last observed Hb values.

The population was divided into two groups according to the age of 75 years to investigate the effect of age. For sensitivity analysis, we performed the same series of analyses using the age of 70 years as the cutoff value. Several cutoff points were reported to define the 'aged' population \[[@GFU272C17], [@GFU272C26], [@GFU272C27]\]. The average age of prevalent HD patients in Japan is ∼70 years \[[@GFU272C22]\]. The modes of the incident population are 70--74 and 75--79 years for male and female patients, respectively \[[@GFU272C22]\]. Moreover, by dividing the population according to the age of 75 years, the number of outcomes between the two groups was almost balanced, which maximized the statistical power of the present study.

Outcome {#s2c}
-------

Death was considered the primary outcome of the present study. All causes of death were recorded.

Statistical analyses {#s2d}
--------------------

Descriptive analyses were performed to summarize the baseline data and the demographic characteristics for both the entire population and the groups stratified by baseline Hb values and age. Continuous variables were expressed as mean and standard deviation, whereas categorical variables were expressed as proportions to the entire population.

ESA responsiveness index was calculated as the dose of epoetin (in IU/week) divided by Hb and dry weight. The ESA responsiveness index was expressed in median and inter-quartile range.

Cox\'s proportional hazard models were employed to analyze the relationship between Hb values and mortality. Covariates were age, sex, years on dialysis, diabetic nephropathy as primary diagnoses of ESRD, smoking status (current or not current), body mass index, single-pool Kt/V, C-reactive protein, albumin-adjusted calcium, serum phosphate, total cholesterol, ferritin, use of epoetin dose of \>3000 IU/week (median of epoetin), as well as 13 comorbid conditions (coronary artery disease, cancer, other cardiovascular disease, cerebrovascular disease, congestive heart failure, diabetes, gastrointestinal bleeding, hypertension, lung disease, neurological disorder, psychological disorder, peripheral vascular disease and recurrent cellulitis). All covariates were divided into categorical groups; three categories were created for continuous variables by means of tertile. We used laboratory data or comorbidities at the beginning of follow-up for adjustment. Hb values at each FRN were treated as time-dependent variables.

We examined the differences of optimal target Hb by age in three steps. First, we examined type 3 P-values for heterogeneity between the two groups. Second, we performed a trend analysis that investigated the heterogeneity in Hb values within each group. Lastly, we compared the relative risks in each Hb category between the two age groups. Differences for optimal Hb values were considered to exist only when both type 3 P-values and the differences between the two groups in any given Hb categories reached significance.

Sensitivity analyses {#s2e}
--------------------

### Inverse propensity treatment weighting method adjustment for estimated ESA doses {#s2e1}

The propensity scores for the prescribing epoetin dose of ≥3000 IU/week or \<3000 IU/week were derived as a function of all baseline covariates shown in Table [1](#GFU272TB1){ref-type="table"} except HIV. The dose of 3000 IU/week was the median of the entire population and was selected for the cutoff. The scores were incorporated as the inverse propensity treatment weight (IPTW) in statistical models to compensate for potential confounding by indications \[[@GFU272C28]\]. The fitting of these models was evaluated by *C*-statistics for the propensity score. Table 1.Patient characteristics and baseline data stratified by hemoglobin levelsVariablesAll (*n* = 3341)Hb \<9 g/dL (*n* = 491)9≤ Hb \<10 g/dL (*n* = 767)10 ≤Hb \<11 g/dL (*n* = 1041)11 ≤Hb \<12 g/dL (*n* = 735)Hb ≥12 g/dL (*n* = 307)Age (years)63.6 ± 12.766.0 ± 13.064.7 ± 12.263.6 ± 12.162.0 ± 12.960.5 ± 13.3Sex (male) (%)63.257.460.462.067.573.6Years on dialysis (years)5.5 ± 6.84.2 ± 6.45.6 ± 6.75.7 ± 6.85.9 ± 6.86.2 ± 7.5Primary disease (DM) (%)33.937.332.633.133.635.2Current smoker (%)13.812.012.414.413.718.2Comorbidities (%) Coronary artery disease25.528.125.426.521.627.4 Cancer, other than skin9.511.09.49.69.37.5 Other CVD24.925.323.624.825.027.4 Cerebrovascular disease13.415.713.013.911.413.7 Congestive heart failure19.925.918.918.418.222.2 DM39.445.038.537.938.839.1 Gastrointestinal bleeding3.56.33.32.63.13.9 HIV0.41.20.50.10.40.0 Hypertension74.075.475.475.672.067.8 Lung disease3.03.53.42.33.32.6 Neurologic disorder12.415.111.211.812.213.0 Psychological disorder4.45.34.24.24.04.9 Peripheral vascular disease14.317.512.315.412.814.3 Recurrent cellulitis3.74.53.73.73.03.9BMI (kg/m^2^)21.2 ± 3.420.8 ± 3.421.1 ± 3.421.3 ± 3.421.3 ± 3.321.7 ± 3.4Kt/V1.30 ± 0.301.25 ± 0.341.30 ± 0.291.31 ± 0.291.30 ± 0.291.27 ± 0.28Adjusted calcium (mg/dL)9.20 ± 0.869.16 ± 0.909.22 ± 0.869.21 ± 0.849.16 ± 0.839.30 ± 0.94Serum phosphorus (mg/dL)5.43 ± 1.485.00 ± 1.575.35 ± 1.405.48 ± 1.415.60 ± 1.525.78 ± 1.51Albumin (g/mL)3.72 ± 0.483.40 ± 0.553.68 ± 0.473.78 ± 0.453.84 ± 0.413.82 ± 0.42C-reactive protein (mg/mL)0.13 (0.06, 0.40)0.30 (0.10, 1.35)0.12 (0.06, 0.41)0.11 (0.05, 0.32)0.10 (0.05, 0.30)0.14 (0.07, 0.30)Total cholesterol (mg/mL)157.2 ± 37.5153.4 ± 38.4157.9 ± 37.6156.2 ± 36.0159.5 ± 38.6159.1 ± 37.9Hb (g/dL)10.3 ± 1.38.2 ± 0.79.5 ± 0.310.5 ± 0.311.4 ± 0.312.7 ± 0.7Ferritin (ng/mL)247.3 ± 412.7342.3 ± 580.0234.3 ± 367.6251.7 ± 455.5219.3 ± 283.0180.4 ± 256.7ESA dose (IU/week)3868 ± 34835491 ± 43764425 ± 34093600 ± 30753174 ± 29842451 ± 3286ERI \[IU/week・(g/dL)^−1^/kg\]7.7 (4.5, 13.7)13.8 (7.9, 20.5)9.5 (5.6, 15.5)7.0 (4.2, 11.6)5.7 (3.5, 9.4)5.3 (2.4, 8.8)[^1]

### The effect of cutoff age and primary disease {#s2e2}

The same series of analyses were performed for sensitivity analysis also with the age of 65 and 70 years as the cutoff values. We also stratified the population by the patients\' primary causes of ESRD, i.e. the diabetic and nondiabetic nephropathy, and repeated the series of analyses.

### The effect of anemia therapy including ESA and iron prescription {#s2e3}

We investigated the same analysis only in the population on ESA. Iron use was categorized into three groups: not prescribed, oral iron supplementation and injectable iron use. We incorporated iron use into the time-dependent model as one of the covariates to adjust iron prescription status.

Multiple imputation {#s2f}
-------------------

Missing covariate values were imputed multiple times using the chained equation method in PROC MI in SAS. The results from five such imputed data sets were combined for the final analysis using the Rubin formula in PROC MIANALYZE in SAS. The proportion of missing data was \<10% for all imputed covariates, with the exception of Kt/V (18%), C-reactive protein (34%), ferritin (32%) and total cholesterol (18%).

Statistical significance was defined as P \< 0.05 with two-tailed tests. All analyses were conducted using the SAS software, version 9.2 (SAS Institute, Inc., Cary, NC, USA).

RESULTS {#s3}
=======

Target population {#s3a}
-----------------

The total number of patients in the potential population, with J-DOPPS phases 3 and 4 combined, was 3423; phase 3 included 2326 patients, among them 1121 patients continued to be followed into phase 4, while 1097 patients were newly recruited during the phase 4 period (Figure [1](#GFU272F1){ref-type="fig"}). We excluded 82 patients because of missing data on age, sex, years on dialysis and baseline Hb level. Eventually, 3341 patients were included in the further analyses. FIGURE 1:Flow diagram of the analyzed population. J-DOPPS phases 3 and 4 were potential population for the present study. Among phase 3 patients, 1121 patients were continuously followed-up into the phase 4 period. After exclusion, a complete data set was created for 3341 patients. J-DOPPS: the Japan Dialysis Outcomes and Practice Patterns Study.

Patient characteristics {#s3b}
-----------------------

The baseline characteristics of patients stratified by their Hb values are shown in Table [1](#GFU272TB1){ref-type="table"}. Patients with lower Hb tended to be older, more likely to have diabetic nephropathy as a cause of ESRD, and have fewer years of dialysis and more comorbidities than patients with higher Hb levels. Additionally, a large number of these patients were female. Table [2](#GFU272TB2){ref-type="table"} lists the baseline data stratified by age group. Based on the cutoff age of 75 years, there were 2651 nonelderly (\<75 years old) and 690 elderly (≥75 years old) patients. The elderly group had lower Hb levels, similar ferritin levels and higher epoetin doses compared with the nonelderly group. Table 2.Patient characteristics and baseline data stratified by ageVariablesAll (*n* = 3341)Nonelderly (\<75 years old) (*n* = 2651)Elderly (≥75 years old) (*n* = 690)Age (years)63.6 ± 12.759.3 ± 10.480.1 ± 4.5Sex (male) (%)63.264.757.4Years on dialysis (years)5.5 ± 6.86.0 ± 7.23.6 ± 4.6Primary disease (DM) (%)33.934.531.5Current smoker (%)13.816.14.8Comorbidities (%) Coronary artery disease25.523.234.5 Cancer, other than skin9.58.114.8 Other CVD24.922.036.1 Cerebrovascular disease13.411.919.1 Congestive heart failure19.918.127.0 DM39.439.539.1 Gastrointestinal bleeding3.53.44.2 HIV0.40.50.3 Hypertension74.073.675.5 Lung disease3.02.74.1 Neurological disorder12.49.722.5 Psychological disorder4.44.24.9 Peripheral vascular disease14.313.218.7 Recurrent cellulitis3.73.73.5BMI (kg/m^2^)21.2 ± 3.421.4 ± 3.420.4 ± 2.9Kt/V1.30 ± 0.301.30 ± 0.301.28 ± 0.29Adjusted calcium (mg/dL)9.20 ± 0.869.23 ± 0.889.09 ± 0.79Serum phosphorus (mg/dL)5.43 ± 1.485.57 ± 1.494.92 ± 1.34Albumin (g/mL)3.72 ± 0.483.76 ± 0.473.55 ± 0.48C-reactive protein (mg/mL)0.13 (0.06, 0.40)0.11 (0.05, 0.37)0.20 (0.08, 0.68)Total cholesterol (mg/mL)157.2 ± 37.5157.8 ± 37.7155.1 ± 36.8Hb (g/dL)10.3 ± 1.310.4 ± 1.310.1 ± 1.3Ferritin (ng/mL)247.3 ± 412.7245.8 ± 429.3252.8 ± 346.3ESA dose (IU/week)3868 ± 34833784 ± 34404189 ± 3631ERI \[(IU/week・(g/dL)^−1^/kg\]7.7 (4.5, 13.7)7.3 (4.4, 13.1)9.1 (5.3, 16.0)[^2]

ESA responsiveness index {#s3c}
------------------------

ESA responsiveness index was 7.7 (4.5--13.7) IU/week (g/dL)^−1^/kg \[median (IQR)\] for entire population. ESA responsiveness index by Hb groups was 13.8 (7.9--20.5), 9.5 (5.6--15.5), 7.0 (4.2--11.6), 5.7 (3.5--9.4) and 5.3 (2.4--8.8) IU/week (g/dL)^−1^/kg \[median (IQR)\] for Hb groups of \<9, ≥9 and \<10, ≥10 and \<11, ≥11 and \<12, and ≥12 g/dL, respectively.

Outcome {#s3d}
-------

The primary end point of death occurred in 567 patients (Table [3](#GFU272TB3){ref-type="table"}). The causes of death are shown in Table [4](#GFU272TB4){ref-type="table"}. In accordance with the registry data of Japan \[[@GFU272C22]\], many patients died from cardiac or vascular causes. Table 3.Numbers of death and observed Hb values stratified by Hb groups and ageHb groupsTotalHb \<9 g/dL9 ≤Hb \<10 g/dL10 ≤Hb \<11 g/dL11 ≤Hb \<12 g/dLHb ≥ 12 g/dLNonelderly87 (2558)75 (5786)83 (9445)52 (6412)38 (2834)335 (27 035)Elderly57 (685)46 (1318)69 (1741)42 (1057)18 (371)232 (5172)[^3] Table 4.Causes of death (total events: *n*= 567)Main causes of death% (no. of events)Cardiac27.3% (155)Vascular11.1% (63)Infection16.1% (91)Liver disease1.2% (7)Gastrointestinal2.7% (15)Metabolic0.5% (3)Other18.7% (106)Unknown22.4% (127)[^4]

Cox\'s proportional hazard models for baseline Hb values {#s3e}
--------------------------------------------------------

Table [5](#GFU272TB5){ref-type="table"} lists the results of Cox models that investigated the relationship of baseline Hb values with mortality. Hb \<9 g/dL tended to relate to poorer survival without significance after adjustment in fully adjusted models. Table 5.Cox proportional hazard models for baseline hemoglobin values (result of multi-imputation analysis)Hb rangeHazard ratio95% CIP-valueHb \<9 g/dL1.260.98--1.630.0769≤ Hb \<10 g/dL0.850.67--1.080.17610≤ Hb \<11 g/dLReference11≤ Hb \<12 g/dL0.960.76--1.220.761Hb ≥12 g/dL1.020.73--1.430.919[^5]

Time-dependent Cox\'s proportional hazard models {#s3f}
------------------------------------------------

We performed survival analysis treating Hb values measured every 4 months as time-dependent variables, whereas missing values were imputed by means of the LOCF method. Table [6](#GFU272TB6){ref-type="table"} shows that either Hb \<9 g/dL or \>12 g/dL was related to poor prognosis after full adjustment. Table 6.Time-dependent Cox proportional hazard models for LOCF hemoglobin values (result of multi-imputation analysis)Hb rangeHazard ratio95% CIP-valueHb \<9 g/dL2.822.23--3.56\<0.0019≤ Hb \<10 g/dL1.140.90--1.450.28710≤ Hb \<11 g/dLReference11≤ Hb \<12 g/dL0.990.77--1.290.966Hb ≥12 g/dL1.371.01--1.870.045[^6]

Effect of age on the relationship between Hb values and survival {#s3g}
----------------------------------------------------------------

We conducted time-dependent Cox\'s proportional hazard analyses for the elderly and nonelderly groups (Figure [2](#GFU272F2){ref-type="fig"}A). The type 3 P-value indicating the existence of an interaction was 0.045 for the entire model. Trend analyses within both groups revealed a significant relationship between Hb and survival. In the nonelderly group, high mortality rates were observed either for the Hb \<9 g/dL category \[hazards ratio (HR) 3.74, 95% confidence interval (CI) 2.75--5.08; reference, 10--11 g/dL Hb\] or for the 9--10 g/dL Hb category (HR: 1.46, 95% CI: 1.07--2.00; reference, 10--11 g/dL Hb). On the other hand, in the elderly group, only Hb \<9 g/dL category exhibited higher mortality (HR: 1.90, 95% CI: 1.31--2.75; reference, 10--11 g/dL Hb). The interaction of age and Hb was significant for both categories (P = 0.023 and 0.044, \<9g/dL and 9--10 g/dL Hb, respectively). Table [7](#GFU272TB7){ref-type="table"} demonstrates the HR for each covariate. Table 7.Complete results of Cox\'s proportional hazard modelsVariablesNonelderly(\<75 years)Elderly(≥75 years)Hazard ratio95% CIP-valueHazard ratio95% CIP-valueHemoglobin (g/dL) \<93.742.75--5.08\<0.0011.901.31--2.75\<0.001 ≥9 and \<101.461.07--2.000.0180.830.57--1.210.337 ≥10 and \<11Ref.Ref. ≥11 and \<120.910.64--1.280.5811.000.68--1.480.991 ≥121.320.89--1.950.1681.200.70--2.040.508Vintage (per 1 year)1.051.03--1.07\<0.0011.000.97--1.030.913Gender (female versus male)0.600.45--0.81\<0.0011.210.86--1.690.278Primary cause of ESRD (DMN versus non-DMN)1.110.73--1.700.6250.840.52--1.350.473Smoking status Active smoker1.010.73--1.410.9472.071.11--3.870.022 Ex-smoker \<1 year1.731.01--2.960.0460.770.23--2.580.677 Ex-smoker \>1 year1.260.89--1.780.1911.450.93--2.270.100 Never smokerRef.Ref. Current status unknown1.170.36--3.760.7924.281.40--13.090.011 Unknown1.160.86--1.570.3321.410.98--2.030.065Presence of each comorbidity Coronary artery disease1.010.78--1.310.9521.120.83--1.520.458 Cancer, other than skin1.300.91--1.850.1500.800.54--1.200.285 Other CVD1.331.03--1.700.0281.220.91--1.640.189 Cerebrovascular disease1.781.33--2.36\<0.0011.020.71--1.470.898 Congestive heart failure1.351.03--1.770.0311.250.91--1.730.171 Diabetes mellitus1.971.26--3.060.0031.430.90--2.250.129 Gastrointestinal bleeding0.900.52--1.530.6870.680.35--1.330.258 Hypertension1.020.79--1.340.8630.700.52--0.940.019 Lung disease1.070.60--1.900.8241.230.66--2.280.516 Neurological disorder1.501.11--2.020.0091.601.15--2.230.005 Psychological disorder1.310.82--2.090.2671.180.62--2.250.614 Peripheral vascular disease1.270.94--1.710.1161.070.74--1.550.725 Recurrent cellulitis1.420.92--2.210.1151.250.61--2.550.542Body mass index (kg/m^2^) \<19.64Ref.Ref. ≥19.64 and \<22.270.740.56--0.980.0340.740.52--1.060.098 ≥22.270.740.55--0.990.0450.580.37--0.900.015Kt/V \<1.163Ref.Ref. ≥1.163 and \<1.4110.870.64--1.170.3491.100.73--1.660.640 ≥1.4110.940.66--1.360.7490.970.64--1.460.876Albumin (g/dL) \<3.60Ref.Ref. ≥3.60 and \<3.900.720.55--0.950.0190.740.53--1.030.070 ≥3.900.630.46--0.850.0020.920.59--1.420.690Albumin corrected calcium (mg/dL) \<8.80Ref.Ref. ≥8.80 and \<9.501.070.79--1.450.6461.400.97--2.010.072 ≥9.501.000.74--1.370.9921.711.17--2.490.006Serum phosphate (mg/dL) \<4.70Ref.Ref. ≥4.70 and \<5.900.950.71--1.260.7070.880.64--1.200.417 ≥5.901.180.89--1.560.2470.840.57--1.230.361C-reactive protein (mg/dL) \<0.100Ref.Ref. ≥0.100 and \<0.3201.511.11--2.050.0081.330.88--2.010.169 ≥0.3201.461.04--2.060.0311.911.23--2.950.004Total cholesterol (mg/dL) \<139.0Ref.Ref. ≥139.0 and \<170.01.000.75--1.340.9840.890.63--1.260.508 ≥170.00.830.62--1.110.2060.780.53--1.160.221Ferritin (ng/mL) \<69.6Ref.Ref. ≥69.4 and \<259.51.020.73--1.430.9100.950.65--1.390.805 ≥259.51.120.74--1.700.5771.290.87--1.900.203 Epoetin ≥3000 IU/week (versus \<3000 IU/week)1.090.85--1.380.5031.180.87--1.590.291[^7] FIGURE 2:Effect of age on optimal Hb target ranges (cutoff age: 75 years). The HR of mortality for patients in each Hb group versus reference was assessed using Cox models adjusted for sex, years on dialysis, primary disease (diabetic nephropathy), smoking, 13 comorbidities (coronary artery disease, cancer, other cardiovascular disease, cerebrovascular disease, congestive heart failure, diabetes, gastrointestinal bleeding, hypertension, lung disease, neurologic disorder, psychological disorder, peripheral vascular disease and recurrent cellulitis), body mass index, single-pool Kt/V, albumin, C-reactive protein, adjusted Ca, serum P, total cholesterol, ferritin and epoetin dose of ≥4500 IU/week without (**A**) or with (**B**) inverse propensity treatment weighting. P for trend indicates the significance across Hb strata within each age group, whereas P for interaction indicates the significance between both age groups in each Hb strata. Hb, hemoglobin; HR, hazard ratio; 95% CI, 95% confidence interval.

Sensitivity analyses {#s3h}
--------------------

### Inverse propensity treatment weighting method adjustment for estimated ESA doses {#s3h1}

We employed the IPTW method as a sensitivity analysis by incorporating the values estimated the propensity for use of epoetin doses of ≥3000 IU/week to build the 'pseudo-population' for adjusting confounding by indication for ESA use. Fitting of the logistic regression models was evaluated by *C*-statistic (0.668--0.674) and Hosmer--Lemeshow's P-value (0.112--0.660). As shown in Figure [2](#GFU272F2){ref-type="fig"}B, time-dependent Cox\'s proportional hazard models adjusted by IPTW indicated that similar trends in the categories of Hb \<10 g/dL in both groups unadjusted by IPTW. The interactions between age and Hb values among the \<10 g/dL Hb categories were all significant.

### Effects of cutoff for age {#s3h2}

We performed the same analyses with or without IPTW adjustment for the groups that were divided according to the cutoff age of 70 years. We obtained results similar to what we observed in the aforementioned analyses that used the age of 75 years as the cutoff, although the interaction of age and Hb levels was less pronounced; only the interaction for the \<9 g/dL Hb category was significant (data not shown). When we applied 65 years old as the cutoff age, the interaction of age and Hb levels on mortality almost disappeared (data not shown).

### Effect of diabetes {#s3h3}

The interactions were also investigated in population groups that were stratified by whether the patients\' primary diagnoses of ESRD were diabetic nephropathy or not.

The analyses, performed using the cutoff age of 75 years and adjusted by IPTW, indicated that there was significant interaction between age and overall Hb only in the nondiabetic nephropathy group (Figure [3](#GFU272F3){ref-type="fig"}A) but not in the diabetic nephropathy group (Figure [3](#GFU272F3){ref-type="fig"}B). FIGURE 3:Analyses stratified by the primary diagnosis of diabetic nephropathy were performed for the groups where the cutoff age was 75 years. (**A**) Analyses for patients without diabetic nephropathy; (**B**) analyses for patients with diabetic nephropathy. The HR of mortality for patients in each Hb group versus reference was assessed using Cox models adjusted for sex, years on dialysis, smoking, 13 comorbidities (coronary artery disease, cancer, other cardiovascular disease, cerebrovascular disease, congestive heart failure, diabetes, gastrointestinal bleeding, hypertension, lung disease, neurological disorder, psychological disorder, peripheral vascular disease and recurrent cellulitis), body mass index, single-pool Kt/V, albumin, C-reactive protein, adjusted Ca, serum P, total cholesterol, ferritin and epoetin dose of ≥4500 IU/week with inverse propensity treatment weighting. P for trend indicates the significance across Hb strata within each age group, whereas P for interaction indicates the significance between both age groups in each Hb strata. Hb, hemoglobin; HR, hazard ratio; 95% CI, 95% confidence interval.

### The effect of anemia therapy including ESA and iron prescription {#s3h4}

We investigated the same analyses only confined in the population who are treated by any doses of ESA. The analysis on such population did not virtually differ from the results of the original analyses (data not shown). The model to which iron prescription was added as a covariate also did not demonstrate significant changes in the results of the trend (data not shown).

DISCUSSION {#s4}
==========

There were differences in the effect of Hb on survival between the elderly and nonelderly populations. Nonelderly patients had increased risk if they had Hb \<10 g/dL, whereas only for the \<9 g/dL Hb category among the elderly population. The present study is the first to demonstrate the direct relationship between age and Hb levels from the viewpoints of mortality.

Many of the existing guidelines \[[@GFU272C29]--[@GFU272C32]\] recommend the same target Hb across all ages. Only the Japanese guideline \[[@GFU272C33]\] suggests that a high Hb might be beneficial for young patients with high physical activity.

The current study demonstrated that the relationship between low Hb and poorer survival was lessened in the elderly population.

The reason why low Hb had a weaker link to poorer survival could be related to the reduced activity in the elderly patients. Gait speed or chair-rising time was reportedly slow in the elderly HD population \[[@GFU272C34]\]. Oxygen consumption in the elderly population is reported to be lower than that in the younger people \[[@GFU272C35]\], as well as exercise capacity measured by peak exercise oxygen uptake \[[@GFU272C36]\]. The sedentary characteristics of this population \[[@GFU272C37]\] might be permissive of the reduced oxygen delivery due to low Hb levels. On the other hand, decreased physical activity itself can be related to poorer prognosis \[[@GFU272C38], [@GFU272C39]\]. Therefore, the exact reasons require further considerations or investigations. The results of ESA responsiveness indicated that patients with lower Hb levels required relatively higher doses of ESA to maintain Hb levels, which suggested that such patients might have higher ESA resistance compared with those with higher Hb levels. This might offer a clue for elucidating the causes of differences.

The interaction of Hb and age on mortality was observed only in a time-variable model not in a baseline model. We consider that there are two reasons for this. The first is the increased statistical power; the numbers of exposure increased markedly in a time-dependent model. The second is, more importantly, that trend of Hb but not single measurement is more predicable for prognosis. A *post hoc* analysis of NHCT study indicated that the changes in Hb levels are greater (especially, Hb fall) before the cardiovascular events occurred \[[@GFU272C40]\]. Therefore, the time-dependent models can more precisely capture even a subtle change of Hb levels that might affect prognosis.

In this study, we employed the IPTW method to adjust the factor that the prescribed ESA doses were appropriate or not with characteristics of each patient taken into account. Therefore, we can partly adjust practice pattern about ESA prescription as well as the background of each patient including ESA dose itself by the IPTW method. The fact that the result did not change even after such adjustment reinforce the robustness of the results of this study.

We also investigated the effect of other anemia therapies. Of these, iron use can relate to the mortality in patients with higher Hb levels \[[@GFU272C41]\]. However, both ESA use and iron prescription status did not change the results. Therefore, we can deduce that anemia treatment itself did not affect the interaction of age and Hb levels on mortality, with the results of IPTW taken together.

The interaction between age and Hb levels was lost in the diabetic nephropathy population. This might indicate that diabetic nephropathy patients uniformly experience poorer prognosis irrespective of age or Hb levels. Inaba *et al.* \[[@GFU272C42]\] demonstrated that high hematocrit (Ht) values related to better survival only among nondiabetic nephropathy patients but not among diabetic nephropathy patients although another study reported that such interaction was not observed \[[@GFU272C43]\]. The current report shares the evidence with the study reported by Inaba *et al.*

Naturally occurring higher Hb was reported not to increase mortality \[[@GFU272C44]\]. In this study, patients with high Hb values had lower ESA dose as well as ESA responsiveness index values. This might partly be accounted for by the fact that the mortality risks were not significantly higher among the Hb group larger than 12 g/dL except for the results for the younger group by IPTW adjustment.

This study has several limitations. The first is its observational nature. Therefore, the results do not add information on the cause-and-effect relationship between Hb values themselves and prognosis.

The second limitation is the residual effect of unmeasured or measured but excluded confounders. The degree to which the actual delivered doses of ESA could be predicted from clinical values was only 15% (data not shown) in this population. This indicated the existence of uncollected or misclassified clinical conditions, especially differences in the practice pattern of each facility. However, DOPPS collected extremely detailed clinical data. We also attempted to adjust for confounders as extensively as possible, including by means of IPTW methods. In fact, we obtained a significant relationship instead of a null result. Therefore, we believe in the statistical power of this study.

The third limitation was the low mortality rate even in the elderly group. We obviated the reduced power of the present study in two ways. One was the target population, which comprised a combined J-DOPPS phase 3 and 4 population. The other was our use of time-dependent analyses, which increased the sample number of Hb values in the investigated population.

The fourth limitation was the fact that the statistical power might not be sufficient among the patients older than 75 years, which accounted for one-fifth of the entire population. This could be one of the reasons why the relationship between several Hb groups and mortality among the elderly group was not significant. However, the numbers of death were moderately balanced across the groups (Table [3](#GFU272TB3){ref-type="table"}), which could maximize the statistical power of this study.

The fifth limitation was that the target population was limited to the Japanese HD population. Further studies might be required for different countries.

The last limitation is the heterogeneity of the elderly population. The present study treated the elderly and nonelderly populations as a whole. However, clinical common sense suggests that there is a wide variety of patient characteristics in terms of nutrition, physical activity and frailty \[[@GFU272C45]\]. Although some of these factors have been adjusted by covariates, some remained unadjusted or were even not investigated. Therefore, the heterogeneities should be considered when applying the present data to the actual population.

CONCLUSIONS {#s5}
===========

The relationship between Hb levels and survival might differ according to age. Lower Hb levels did not relate to poor prognosis among the elderly population. This reinforces the need for individualizations of anemia management.

We wish to express our appreciation to the steering committee members of the J-DOPPS, Drs Kiyoshi Kurokawa, Akira Saito, Tadao Akizawa, Takashi Akiba and Shunichi Fukuhara. We are also grateful to the study nurses, physicians and medical directors for all the time and attention they have devoted to our study.

FUNDING {#s6}
=======

J-DOPPS is administered by the Arbor Research Collaborative for Health (Ann Arbor, MI, USA) and supported by Kyowa Hakko Kirin, Co., Ltd. without restrictions on publications. *Conflict of interest statement*. N.H., T.H. and M.N. have a scientific advisor contract with Kyowa Hakko Kirin, Co., Ltd. and received honoraria from Kyowa Hakko Kirin, Co., Ltd. for the study on the J-DOPPS. N.H. and M.N. received research funding from Kyowa Hakko Kirin, Co., Ltd. T.N. is a current employee of Kyowa Hakko Kirin, Co., Ltd.

[^1]: BMI, body mass index; CVD, cardiovascular disease; DM, diabetes mellitus; Hb, hemoglobin; ESA, erythropoiesis-stimulating agents; ERI, ESA responsiveness index. Values are reported as mean ± standard deviation, percentage or median (inter-quartile range).

[^2]: DM, diabetes mellitus; CVD, cardiovascular disease; HIV, human immunodeficiency virus; BMI, body mass index; Hb, hemoglobin; ESA, erythropoiesis-stimulating agents; ERI, ESA responsiveness index. Values are reported as mean ± SD, percentage or median (inter-quartile range).

[^3]: The numbers of death and observed Hb values (included in parentheses) were indicated. Although the observed numbers of Hb values were almost one-fifth in the elderly group, the outcome numbers were moderately balanced across age groups.

[^4]: *Cardiac*: myocardial infarction (acute), pericarditis including cardiac tamponade, atherosclerotic heart disease, cardiomyopathy, cardiac arrhythmia, cardiac arrest (cause unknown), valvular heart disease, pulmonary edema due to exogenous fluid. *Vascular*: hemorrhagic stroke, ischemic brain damage, anoxic encephalopathy, hemorrhage from vascular access, other hemorrhage, mesenteric infarction, ischemic bowel. *Infection*: septicemia due to vascular access, peritonitis (complication of peritoneal dialysis), septicemia due to peripheral vascular disease, gangrene, other septicemia, pulmonary infection, other infection. *Liver disease:* liver failure (cause unknown or other), cirrhosis, hepatitis C. *Gastrointestinal*: gastrointestinal hemorrhage, perforation of peptic ulcer. *Metabolic*: hyperkalemia.

[^5]: The HR of mortality for patients in each Hb group versus reference was assessed using Cox models adjusted for age, sex, years on dialysis, primary disease (diabetic nephropathy), smoking, 13 comorbidities (coronary artery disease, cancer, other cardiovascular disease, cerebrovascular disease, congestive heart failure, diabetes, gastrointestinal bleeding, hypertension, lung disease, neurological disorder, psychological disorder, peripheral vascular disease and recurrent cellulitis), body mass index, single-pool Kt/V, albumin, C-reactive protein, adjusted Ca, serum P, total cholesterol, ferritin and high-dose erythropoiesis-stimulating agents (≥4500 IU/week). Hb, hemoglobin; 95% CI, 95% confidence interval.

[^6]: The HR of mortality for patients in each Hb group versus reference was assessed using Cox models adjusted for age, sex, years on dialysis, primary disease (diabetic nephropathy), smoking, 13 comorbidities (coronary artery disease, cancer, other cardiovascular disease, cerebrovascular disease, congestive heart failure, diabetes, gastrointestinal bleeding, hypertension, lung disease, neurological disorder, psychological disorder, peripheral vascular disease and recurrent cellulitis), body mass index, single-pool Kt/V, albumin, C-reactive protein, adjusted Ca, serum P, total cholesterol, ferritin and high-dose erythropoiesis-stimulating agents (≥4500 IU/week). LOCF, last observation carried forward; Hb, hemoglobin; 95% CI, 95% confidence interval.

[^7]: CVD, cardiovascular diseases; DMN, diabetic nephropathy; Ref, reference group. HRs for all covariates were demonstrated. Several factors related to survival either positively or negatively within each age stratum. We should be cautious to interpret the data, because we did not investigate the interaction between each variable and age groups. CI, confidence interval; ESRD, end-stage renal disease; DMN, diabetic nephropathy; CVD, cardiovascular diseases; Ref., reference group.
